Homoclinic chaos is sho~n to occur in the electric current measured on an electrical discharge in argon. We report a clear sequence of four hesitations followed by a reverse period doubling. The experimental signals are used io construct return time-and time of fl-igh-t 
Homoclinic chaos is sho~n to occur in the electric current measured on an electrical discharge in argon. We report a clear sequence of four hesitations followed by a reverse period doubling. The [5] and, shortly later, in the intensity of a laser with a saturable absorber [6] and of a laser with an electro-optic modulator [7] . The theoretical background for these observations is provided by works developed by Shilnikov and co-workers in which the homoclinicity to a saddle focus [8] and to a saddle cycle [9] [12] . Recall that definitive observations of deterministic chaos in plasmas are rare [12, 13] .
The evidences reported in this paper enable us to identify the erratic behavior of the discharge current as due to homoclinic chaos related to the Shilnikov scenario. It is orth mentioning that although the Shilnikov scenario has a solid mathematical background [3, 4] , it has only been previously observed in chemical reactions like the Belousov-Zhabotinskii reaction [5] and in some lasers with saturable absorbers [14] .
The experiment consists of measuring the current through the glow discharge in Fig. 1 ('!! ((( I((a) , ' 
(m) p (4) gime is shown in Fig. 2(a) a 2P" period doubling occurs. After that, the oscillation turns into a C "~c haotic one until it suddenly jumps into a P("+' periodic pattern, and so on. We have repeatedly observed this sequence up to the P pattern [ Fig. 2(m) ].
After that, a chaotic pattern followed [ Fig. 2(n) [3, 4] . However, we will prefer to apply a procedure first introduced by Arecchi er al. [7] while investigating instabilities on a modulated laser: the return-time map, which is an experimentally very convenient tool for analyzing homoclinic chaos. Rather than looking at the reconstructed phase-space trajectory, the information is derived directly from the time evolution of the signal. The relevant feature of the chaotic dynamics extracted by a return-time map is the fluctuation in the time necessary for the system to leave and come back to the invariant set. To obtain a return-time map we define a constant threshold level I, parallel to the t axis in Fig.   2 Figs. 2(e) and 2(i), respectively. These maps display a multibranched structure which evidences strong time fluctuations in the dynamics of the discharge. At the origin of these Auctuations are two distinct factors. One is the number of times the system turns around the invariant set (which corresponds to the number n of small-amplitude oscillations in the Ct") pattern). This factor is responsible for the discontinuities in the branches of the map. The other factor is the time the system takes along the reinjection loop (i.e. , the duration of the large-amplitude oscillation in the C" pattern).
The closer the system is to the homoclinic orbit, the greater the time necessary to return to the invariant set; in other words, the distance of the system from homoclinicity determines the time spent in the reinjection loop. This increase in time is an evidence of homoclinic behavior and, in order to better use this evidence, from the time durations of the successive reinjection loops we construct a return map similar to that proposed by Papoff and coworkers [18] [3] .
The presence of a homoclinic orbit could also be determined from a current intensity return map. This map is obtained from the reconstructed phase portrait through a Poincare section as shown elsewhere [19] . When the system is near homoclinicity such a map should also be multibranched, similar to the time-of-flight return map in Fig. 4 [18, 20] . Indeed, it may be shown [18] [19] .
2(i)
In conclusion, we have reported the time evolution and return maps associated with the current of a lowtemperature plasma medium, namely, a glow discharge. The evidence gathered indicates that the observed dynamics is closely related to a Shilnikov homoclinic chaos scenario. We showed that time-of-flight maps can be eSciently used to characterize homoclinic behavior directly from the definition of a homoclinic orbit. The present paper reports the first observation of homoclinic chaos in a plasma medium. As far as we know, the only previous experimental observations of this 
